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Assessment of Tree Health for Erie Street Cemetery & Cleveland
State University
By: Audrey Atzel, Jillian Bastock, Madelyn Jablonsky, and Elijah Williams

Introduction
Urban forests are incredibly distinct
ecosystems existing directly within city and
town centers. Parks, green spaces, street trees,
gardens, and even trees found in residential or
commercial spaces comprise what we define
as an urban forest. These forests provide
numerous ecosystem services that can
increase the quality of life in cities. Stormwater
mitigation, cooling through shade and
evapotranspiration, energy conservation, air
and water filtration, and noise reduction are
just a few of the services these trees can
provide, adding economic and public health
values to their presence. However, the health
of the urban forest is essential to the
effectiveness of ecosystem services. Hence, it
is vital not only to plant new and diverse trees
but to evaluate the health and condition of
trees in urban spaces.

Background on Cleveland State
University Campus & Survey Goals
In 2012 Cleveland State University did
an assessment of the campus trees and their
health. Our goal was to utilize the 2012 data
to reassess the campus trees by evaluating
the health and condition of the trees planted
on campus ten years after their original
assessment. We used the data from 2012 and
new data from 2021 to compare DBH and
health conditions and record any significant
trends occurring.
Erie Street Cemetery was included in
the survey to establish a new data set that
had not been evaluated. This was to examine
a different area of downtown Cleveland’s
urban forest and compare the results. There
was no earlier data to use as a reference for
this site, so data was recorded and plotted in
QField by students at Cleveland State
University.

Methods and Materials for
Cleveland State University Campus
To understand how effective or
sustainable campus trees are, 14 students
performed individual health assessments on
about 300 campus trees ten years after the
university’s original assessment.
Student data was compiled in Excel
and entered into i-Tree Eco software to
analyze the provided ecosystem services,
structure, composition, economic value, and
management analyses of the trees on campus.
Graphs were produced in RStudio and Excel.
GPS points were downloaded from Cleveland
State University through Dr. Kevin E. Mueller’s
course on the Ecology and Management of
Trees in Cities.
QGIS and ArcMap were used to plot
the locations of the trees alongside their health
assessment data from 2012 and 2021. Hot
spot analyses (as seen in Figure 9) were
performed in ArcMap using the point data we
acquired through Cleveland State University.
The methodology for the hot spot analyses
can be seen in Figure 1.

Figure 1: Model Builder for Cleveland State University hot
spot analysis in ArcMap

The average distance between points
was determined to be 52 feet. The resulting
maps illustrated statistically significant hot
spots and cold spots.

Methods and Materials for Erie
Street Cemetery
To understand the overall health and
condition of trees at Erie Street Cemetery, 14
students surveyed the site as an extension of
the Cleveland State University urban tree
study.
The survey consisted of health
assessments, including measurements of
diameter at breast height (DBH), soil access,
canopy exposure, crown dieback, crown
discoloration, major branch issues, major bark
issues, and insect exit holes.
Data was compiled in Excel and
entered into i-Tree Eco software to analyze the
provided ecosystem services, structure,
condition, composition, economic value, and
management analyses of the site. GPS points
were plotted by students using QField.

Figure 3: Susceptibility of Erie Street Cemetery Trees;
Nearly 70% of trees are susceptible, despite belonging to
only four species; Maples are the most susceptible, with
sycamore spp., birch spp., and sweetgum also at risk.

Results for Erie Street Cemetery

Figure 2: DBH Analysis of Erie Street Cemetery; All trees
are at least 20 cm in diameter and are generally between
40-100 cm.

*Figure 4: Analysis of tree species that are at risk for insect
damage at Erie Street Cemetery and the pest species;
Asian Longhorned Beetle has the potential to affect the
most species.

*Figure
4
illustrates
species
susceptible to various invasive pests. The
species that pose a risk include: ALB = Asian
Longhorned Beetle, GM = Gypsy moth, LAT =
Large Aspen Tortrix, SOD = Sudden Oak
Death, WM = Winter Moth. Our i-Tree Eco
results show that red indicates a pest within
Cuyahoga county; orange indicates a pest
within 250 miles of Cuyahoga County; yellow
indicates a pest within 750 miles of the
county; and green indicates that the pest is
outside of these ranges.
Figure 7: Distribution of trees in Erie Street Cemetery
showing presence or absence of major bark issues

Erie Street Cemetery DBH
Predictors

Figure 5: Erie Street Cemetery Tree Condition Percentages;
most trees at Erie Street Cemetery are of fair health. The
other half of the data (~50%) are in either excellent, poor,
or critical condition.

The average 2021 DBH for Erie Street
Cemetery trees is 63.8 cm. The DBH is
influenced by tree species, soil access, and
bark issues. This is summarized by the linear
equation:
DBH=59.36 + 21.08*Acer saccharinum +
13.83*Gleditsia triacanthos + 13.29*Platanus spp. 7.29*soil access + 13.79 * bark issues
*Note that soil access has a p-value of .056.

Figure 6: Condition by species of Erie Street Cemetery
Trees; Sweetgum, cucumber tree, and magnolia trees were
shown to be doing well with entirely fair ratings.
Conversely, pagoda trees and white mulberries were both
seen to be in critical condition at this site.

With an R2 of .19, this explains about a
fifth of DBH variation. Tree species alone
explains 7% of this variation. Interestingly,
bark issues are positively correlated with DBH.
This likely suggests that older trees are more
likely to have damaged bark.
Altogether our recorded metrics have a
relatively weak influence. This could be due to
a skew towards larger (and presumably older)
trees. Since many of the Erie trees are already
old, they may have reached their maximum
possible size. At that point, any impact that
health or environmental conditions have on
the growth rate is moot. The trees are also in a
small and homogeneous area, so they have
few environmental differences to begin with.

Recommendations for Erie Street
Cemetery
According to i-Tree Eco, the tree cover
at Erie Street Cemetery is 28.4%. The species
composition was low in diversity and would
benefit from a new planting of species to
increase genetic diversity. It would be
beneficial to include species with pest
resistance when planting new tree species.
General maintenance and insecticide use
could also benefit this site as it may increase
the overall quality and condition of trees at
Erie Street Cemetery.

Results for Cleveland State
University

Figure 8: Number of trees on CSU campus that are
susceptible to invasive pests in or near Cuyahoga County;
over 60% of the trees are susceptible, and over 80% of
those susceptible trees belong to only five species.

Figure 9: Soil accessibility in relation to tree size for trees
on Cleveland State University’s campus. Tree points in red
have poor soil access with regard to their DBH, while tree
points in green have relatively greater soil access in
relation to their DBH.

Figure 10: Hot spot analysis of crown discoloration on
Cleveland State University trees

Figure 11: Campus tree condition percentages; of those
assessed, most trees are in fair condition.

Figure 12: Campus tree DBH in 2012 vs. 2021; there is a
definite shift towards larger trees in 2021, indicating
significant growth

Cleveland State University Campus
Growth Predictors*
*While we measured DBH of 827 trees on campus, all growth and DBH
regressions are based on a subset of 257 trees from 2012 and 2021 that
we have data on.

The average growth rate for all 827
campus trees (and our subset of 257) is about
6 cm. The change in DBH for campus trees
between 2012 and 2021 is influenced by the
species of tree, the amount of canopy dieback,
the amount of canopy discoloration, and the
presence of damaged branches. This is
summarized by the linear equation:
DBH Change= 9.73 - 3.22* Ginkgo biloba 3.83*Malus spp.+ 8.18*Pinus sylvestris + 10.13*
Quercus palustris +17.33 * Ulmus americana -.53*
dieback - .52 * discoloration - 1.28 * branch issues
With an R2 of .24, this predicts about a
quarter of the variation in tree growth. The
inclusion of the 2012 DBH and 2012
conditions actually weaken the expression.
Species alone account for 16% of the variation.
This, along with their relatively high
coefficients, suggests that unique species
characteristics are driving growth trends even
more than actual health; however, this only
applies to 5 species while the rest have no
significant intrinsic differences in growth rate.

With an R2 of .53, these factors explain
over half of the variation in DBH. Considering
species alone accounts for 42% of the
variation. Branch issues are only significant
when species are not included. The DBH in
2012 has similar predictors. As with growth
rate, species-specific characteristics seem to
be more important than individual tree health.
However, even though canopy discoloration is
much more important, restricted soil access
also plays a role. Interestingly, the poor
condition in 2012 is positively correlated with
2021 DBH. This likely suggests that older trees
tend to be in worse overall condition.
It is possible that the greater R2 for
campus metrics is because the trees tend to be
younger, and the campus is larger and more
heterogeneous compared to Erie Street
Cemetery. There are more environmental
differences that we did not measure (e.g.,
pollution from streets), and younger trees are
still capable of having their growth stunted or
accelerated before reaching their full height.

Cleveland State University Campus
DBH Predictors
The average DBH for all 827 trees is
28 cm and 30.3 cm for the subset. The DBH
measured for campus trees in 2021 is
influenced by the tree species, the condition of
the tree in 2012, soil access, and discoloration.
This is summarized by the linear equation:
2021 DBH= 28 +21.88 * catalpa speciosa - 12.43 *
Crataegus spp. + 9.68 * Gleditsia triacanthos
inermis -9.93 * Malus spp. + 17.73 * Metasequoia
glyptostroboides -19.35 * Picea orientalis + 26.54 *
Pinus sylvestris + 17.41 * Platanus occidentalis +
16.74 * Quercus acutissma + 23.63 * Quercus
palustris - 29.63*Thuja occidentalis + 15.77*Tilia
cordata+ 53.24*Ulmus americana + 5.17 *
Condition in 2012 - 3.06 * soil access - 2.82 *
discoloration

Figure 13: Campus 2021 vs. Erie DBH; Campus has a
greater proportion of small trees as well a lower minimum
DBH while Erie has a greater proportion of large trees and
a higher maximum DBH

Recommendations for Cleveland
State University Campus
According to i-Tree Eco, campus tree
cover is only 8.2%. Over 60% of the trees on
campus are susceptible to invasive beetles,
moths, and/or wasps in or near Cuyahoga

county. Over 80% of these susceptible trees
belong to only five taxa. Species like the gypsy
moth have the greatest potential to affect a
total of 26.6% of the campus tree population
representing $323,000 in replacement value.
The tree assessment around CSU
indicated that the health of the trees is in
decline. Due to shade from buildings, many
trees suffer from lack of soil access, insect
attacks, and lack of adequate sunlight.
Recommendations would be to replace
species prone to high insect attack with a less
susceptible species and replace other trees
with higher shade and low-quality soil
tolerance.
If replacement values are too great or
removal
poses
too
great
a
risk,
recommendations include chemical and
mechanical treatments. For invasives like the
gypsy moth insecticides such as Bacillus
thuringiensi var. kurstaki (B.t.k.) and insect
growth regulators such as dimilin are most
commonly used. Thinning, removal, and
sanitation are also recommended for certain
invasives like the Asian longhorned beetle.
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